TITLE OF THE INVENTION 

Semiconductor Device and Fabrication Method Thereof 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor device and a 

method of fabricating the same. 
Description of the Background Art 

In the past several years, intensive efforts have been taken to reduce 
the size of interconnections and provide multilayers for the purpose of 
10 further increasing the integration density of semiconductor integrated 
circuit devices. An interlayer insulation film is provided between each 
interconnection to obtain a multilayer structure of the interconnection. If 
the surface of this interlayer insulation film is not planar, a step-graded 
portion will be generated at the interconnection formed above the interlayer 
4 15 insulation film. This will cause defects such as disconnection. Therefore, 
the surface of the interlayer insulation film (the surface of the device) must 
be made as flat as possible. The technique to planarize the surface of the 
device is called planarization. This planaiization technique has become 
4 ever important in reducing the size and providing multilayers of the 

20 interconnection. 

In planarization, an SOG (Spin-On- Glass) film is known as an 
interlayer insulation film that is generally used. Recently, development in 
the planaiization technique taking advantage of the flow of the interlayer 
insulation film material is particularly noticeable. 
25 An "SOG" is the generic term of a film mainly composed of a solution 

in which a silicon compound is dissolved in an organic solvent, and silicon 
dioxide formed from that solution. 

In forming an SOG film, first a solution having a silicon compound 
dissolved in an organic solvent is applied in droplets on a rotated substrate. 
30 By this rotation, the solution coating is provided so as to alleviate the step- 
graded portion on the substrate corresponding to the interconnection. 
More specifically, the coating is formed thick at the concave portion and 
thin at the convex portion on the substrate. As a result, the surface of the 
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solution coating is planarized. 

Then, heat treatment is applied to vaporize the organic solvent. 
Also, polymerization proceeds to result in a planarized SOG film at the 
surface. 

An SOG film is typically classified into an inorganic SOG film that 
does not include any organic component in a silicon compound, as 
represented by the following general formula (1), and an organic SOG film 
including an organic component in a silicon compound, as represented by 
the following general formula (2). 

[Si0 2 ] n ...(1) 

[R x Si Y OJ n ..-(2) 

(n, X, Y, Z: integer; R: alkyl group or aryl group) 

Inorganic and organic SOG films have superior flatness. However, 
the inorganic SOG film includes a great amount of moisture and hydroxyl 
group. Therefore, it may adversely affect the metal interconnection and 
the like. There is the possibility of inducing problems such as degradation 
in electrical characteristics as well as corrosion. A similar, though less 
susceptible, problem is seen in an organic SOG film. This is because the 
organic SOG film includes some amount of moisture and hydroxyl group. 

To compensate for this disadvantage when an SOG film is employed 
as an interlayer insulation film, an insulation film such as a silicon oxide 
film formed by, for example, plasma CVD, having the characteristics of 
insulation and mechanical strength in addition to the property of blocking 
moisture and hydroxyl group is provided between the SOG film and the 
metal interconnection (refer to Japanese Patent Laying-Open No. 5-226334, 
for example). 

The provision of an insulation film such as a silicon oxide film formed 
by plasma CVD as in the conventional case between an SOG film and a 
metal interconnection will limit the decrease between the patterns of the 
underlying metal interconnection to bar the microminiaturization of the 
elements. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semiconductor 



device of superior reliability and suitable for microminiaturization, and a 
method of fabricating such a semiconductor device. 

A method of fabricating a semiconductor device according to the 
present invention includes the steps of forming a first insulation film on a 
substrate, introducing impurities into the first insulation film, and 
embedding and forming a first conductive layer in the first insulation film. 
In a preferable embodiment, the step of forming a first conductive layer 
includes the step of embedding the first conductive layer in the first 
insulation film so that the surface of the first conductive layer is exposed. 
The method of this preferable embodiment further includes the steps of 
forming a second insulation film on the first insulation film, forming a 
contact hole in the second insulation film to expose a portion of the first 
conductive layer, and forming a second conductive layer in the contact hole, 
electrically connected to the first conductive layer. This method further 
desirably includes the step of introducing impurities into the second 
insulation film. 

Another method of a preferable embodiment includes, after formation 
of the second insulation film and before formation of the contact hole, the 
steps of forming a first mask pattern on the second insulation film, forming 
a third insulation film on the second insulation film and on the first mask 
pattern, forming a second mask pattern having an opening larger than the 
first mask pattern on the third insulation film, etching the third insulation 
film using the second mask pattern to form a trench in the third insulation 
film arriving at the first mask pattern. In this method, the step of forming 
a contact hole includes the step of etching the second insulation film using 
the first mask pattern, and the step of forming a second conductive layer 
includes the step of forming a third conductive layer electrically connected 
to the second conductive layer in the trench, in addition to the formation of 
the second conductive layer. 

Preferably, this method further includes the step of introducing 
impurities into the third insulation film. 

A further method of a preferable embodiment further includes the 
step of forming a fourth insulation film on the substrate, prior to formation 



of the first insulation film. In this method, the step of introducing 
impurities into the first insulation film is carried out under the condition 
where the impurities arrive at the interface between the first insulation 
film and the fourth insulation film. 

Preferably, the first insulation film includes a silicon oxide film 
containing at least 1% of carbon. Also preferably, the second insulation 
film includes a silicon oxide film containing at least 1% of carbon. Also 
preferably, the third insulation film includes a silicon oxide film containing 
at least 1% of carbon. Also preferably, the first insulation film includes an 
inorganic SOG film. 

A still another method of a preferable embodiment includes, after 
formation of the second insulation film and before formation of a contact 
hole, the steps of forming a thir d mask pattern on the second insulation 
film, etching the second insulating film using the third mask pattern to 
selectively reduce the thickness of the second insulation film, and forming a 
fourth mask pattern on the second insulation film so as to expose a portion 
of the region reduced in thickness. In this method, the method of forming 
a contact hole includes the step of etching the second insulation film using 
the fourth mask pattern. The step of forming the second conductive layer 
includes the step of forming a third conductive layer electrically connected 
to the second conductive layer on the region that is reduced in thickness, in 
addition to the formation of the second conductive layer. 

Yet a further method of a preferable embodiment includes the steps 
of forming a second insulation film on the first insulation film, forming a 
fifth mask pattern on the second insulation film, etching the second 
insulation film using the fifth mask pattern to form a contact hole in the 
second insulation film so as to expose a portion of the first conductive layer, 
forming a resist film in the contact hole and on the second insulation film 
after the fifth mask pattern is removed, patterning the resist film on the 
second insulation film to form a sixth mask pattern on the contact hole 
having an opening larger than the contact hole, etching the second 
insulation film using the sixth mask pattern to selectively reduce the 
thickness of the second insulation film, removing the resist pattern 



remaining in the contact hole and the sixth mask pattern, and forming a 
second conductive layer electrically connected to the first conductive layer 
in the contact hole. 

In a preferable embodiment, the method further includes the step of 
5 introducing impurities into the second insulation film prior to formation of 
the contact hole in the second insulation film. 

By introducing impurities into the first insulation film, the second 
insulation film and the third insulation film, respective films are modified 
in nature so that the moisture and hydroxyl group included in the films are 
10 reduced. Also, the film becomes less hygroscopic. Accordingly, the 
O insulative property of the insulation film can be improved, 

(y Particularly, by introducing impurities into the first, second, and 

third insulation films prior to formation of the first interconnection 
l^y (conductive layer), the second interconnection (conductive layer) and the 

% 4 15 third interconnection (conductive layer), respectively, the impurities can be 
T ~ implanted to a depth substantially uniform over the entire film. 

?3 Respective films can be modified uniformly. 

jj] By forming a fourth insulation film under the first insulation film in 

advance and introducing impurities into the first insulation film under the 
20 condition where the impurities reach the interface between the first and 
fourth insulation films, the intensity of adherence between the first 
insulation film and the fourth insulation film can be improved. 

A semiconductor device according to the present invention includes a 
first conductive layer having a top face on a first plane, a first insulation 
25 layer introduced with impurities and having a top face on a second plane 
parallel to the first plane, a second insulation layer introduced with 
impurities and having a top face on a third plane parallel to the second 
plane, a second conductive layer embedded in the first insulation layer, and 
having a bottom in contact with the top face of the first conductive layer 
30 and a top face located on the second plane, and a third conductive layer 

embedded in the second insulation film, having a bottom in contact with the 
top face of the second conductive layer, and a top face located on the third 
plane. 
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In one embodiment, the second conductive layer and the third 
conductive layer are a single layer formed continuously. 

In another embodiment, the first insulation layer and the second 
insulation layer are a single layer formed continuously. The second 
conductive layer and the third conductive layer are a single layer formed 
continuously. 

Preferably, each of the first and second insulation layers includes an 
SOG film into which impurities are introduced by ion implantation. 

In one embodiment, each of the first and second insulation layers 
includes a silicon nitride film on an SOG film. 

In a preferable embodiment, a first conductive layer is embedded in a 
planarized insulation layer. Preferably, the insulation layer includes an 
SOG film into which impurities are introduced by ion implantation. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-9 are schematic sectional views of a semiconductor device 
according to a first embodiment of the present invention indicating 
fabrication steps thereof. 

Fig. 10 is a diagram of characteristics for describing an embodiment 
of the present invention, indicating the relationship between cumulative 
frequency and adherence intensity. 

Fig. 1 1 is a diagram of characteristics for describing an embodiment 
of the present invention, indicating the relationship between the processing 
condition and film thickness. 

Fig. 12 is a diagram of characteristics for describing an embodiment 
of the present invention, indicating the relationship between temperature 
and intensity. 

Figs. 13-14 are diagrams of characteristics for describing an 
embodiment of the present invention, indicating the relationship between 
time and the O-H area. 



Figs. 15-20 are schematic sectional views of a semiconductor device 
according to a second embodiment of the present invention indicating 
fabrication steps thereof. 

Figs. 21-26 are schematic sectional views of a semiconductor device 
according to a third embodiment of the present invention indicating 
fabrication steps thereof. 

Figs. 27-33 are schematic sectional views of a semiconductor device 
according to a fourth embodiment of the present invention indicating 
fabrication steps thereof. 

Figs. 34-39 are schematic sectional views of a semiconductor device 
according to a fifth embodiment of the present invention indicating 
fabrication steps thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

A method of fabricating a semiconductor device according to a first 
embodiment of the present invention will be described hereinafter with 
reference to Figs. 1-9. 

In the first step (refer to Fig. 1), a silicon oxide film 2 (film thickness: 
200nm) is formed on a (100) p type (or n type) single crystal silicon 
substrate 1. An organic SOG film 3 is formed on silicon oxide film 2. 
Organic SOG film 3 has the composition of [(CH 3 ) 2 Si 4 0 7 ] n and a film 
thickness of 600nm. Silicon oxide film 2 corresponds to the fourth 
insulation film of the present invention. Organic SOG film 3 corresponds 
to the first insulation film of the present invention. 

Silicon oxide film 2 is formed by plasma CVD. As the reaction gas, 
monosilane and nitrous oxide (SiH 4 +N 2 0), monosilane and oxygen 
(SiH 4 +0 2 ), TEOS (Tetra-ethoxy-silane) and oxygen (TEOS+0 2 ) and the like 
are used. The temperature of film growth is 300-900°C. 

Silicon oxide film 2 can be formed by a method other than plasma 
CVD (atmospheric pressure CVD, low pressure CVD, ECR plasma CVD, 
photo excitation CVD, TEOS-CVD, PVD, etc.). For example, the gas used 
in atmospheric pressure CVD is monosilane and oxygen (SiH 4 +0 2 ), and the 
temperature of film growth is not more than 400°C. The gas used in 



reduced pressure CVD is monosilane and nitrous oxide (SiH 4 +N 2 0). The 
temperature of film growth is not more than 900°C. 

The method of forming organic SOG film 3 is set forth in the 
following. First, an alcohol based solution of a silicon compound of the 
5 above composition (for example, IPA+ Acetone) is applied on a substrate 1 

in droplets that is rotated for 20 seconds at the rotational speed of 2300rpm. 
Thus, a coating of the alcohol based solution is provided on substrate 1. 
Here, the alcohol based solution coating is formed thick at the concave 
portion and thin at the convex portion with respect to the step-graded 
10 portion on substrate 1 to alleviate the unevenness. As a result, the surface 
O of the alcohol based solution coating is made planar. 

Then, heat treatment of 100°C for 1 minute, 200°C for 1 minute, 
fU 300°C for 1 minute, 22°C for 1 minute, and 430°C for 30 minutes are 

sequentially carried out in an atmosphere of nitrogen, whereby the alcohol 
~4 15 based solution is vaporized and polymerization proceeds. An organic SOG 
f ~ film of approximately 300nm in thickness with a flat surface is formed. By 

p repeating the process of forming a coating to the heat treatment one more 

time, an organic SOG film 3 of 600nm in thickness is obtained. 

Since the underlying face is planer, this organic SOG film 3 is 
20 applied at substantially uniform thickness over the entire plane of the 

substrate. Organic SOG film 3 is a silicon oxide film containing at least 
1% of carbon. 

At the second step (refer to Fig. 2), boron ions (B + ) are doped into 
organic SOG film 3 under the condition of an acceleration energy of 140 
25 KeV and dose of 2x 10 15 atoms/cm 2 . By implanting ions under such a 

condition, boron ions arrive at the interface between organic SOG film 3 
and silicon film 2. 

By introducing boron ions into organic SOG film 3 in the above- 
described manner, the organic component in the film is decomposed. The 
30 moisture and hydroxyl group included in the film are reduced. 

Furthermore, the intensity of adherence between organic SOG film 3 and 
silicon oxide film 2 is improved by introducing the boron ions to the 
interface. As a result, organic SOG film 3 is modified to a SOG film 4 
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(referred to as "modified SOG film 1 ' hereinafter) with no organic component 
and with little moisture and hydroxy! group, and having high adhesion with 
the underlying film (silicon oxide film 2). Since organic SOG film 3 is 
substantially uniform in film thickness over the entire face of the substrate, 
5 the entire organic SOG film 3 is modified uniformly. Also, the adhesion 

with the underlying film is improved over the entire face. It is to be noted 
that this modified SOG film 4 is a silicon oxide film containing at least 1% 
of carbon. 

At the third step (refer to Fig. 3), anisotropic etching is carried out 
10 with a resist pattern (not shown) as a mask and using a fluoro carbon type 
gas as the etching gas to form a trench 5 in modified SOG film 4. 

At the fourth step (refer to Fig. 4), the interior of trench 5 is cleaned 
rU by sputter etching using inert gas (for example, Ar). Then, a TiN film 

if. functioning as an adhesion layer and barrier layer is formed using 

'-4 15 magnetron sputtering or CVD within trench 5 and on modified SOG film 4. 
' f * Then, a Cu film is formed thereon by CVD or plating. The surface of the 

q Cu film is polished by CMP (Chemical Mechanical Polishing). A metal 

in interconnection 6 formed of TiN and Cu is embedded in trench 5. This 

Iji technique of embedding a metal interconnection is generally referred to as 

%Q 20 the Damascene method. 

as. 

%% * By virtue of the superior coverage of the organic SOG film, the 

organic SOG can be filled sufficiently between metal interconnections 6 
even if organic SOG film 3 is applied after forming the pattern of metal 
interconnection 6 in the first to fourth steps, for example. However, when 

25 an organic SOG film is applied on an uneven surface such as the underlying 
interconnection pattern, the film thickness of organic SOG film 3 may vary 
depending on whether there is an interconnection thereunder or not. If ion 
implantation is carried out to modify the organic SOG film in such a state, 
the lower layer portion of the organic SOG film will include a portion that is 

30 modified and a portion that is not modified. This will induce various 
problems that will be described afterwards. 

In the present embodiment, organic SOG film 3 is formed on a flat 
underlying face prior to formation of metal interconnection 6. Therefore, 
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the film thickness of organic SOG film 3 is substantially uniform. The 
entire organic SOG film 3 is modified substantially uniformly. 

At the fifth step (refer to Fig. 5), an organic SOG film 7 of 600nm in 
film thickness is formed on modified SOG film 4 and metal interconnection 
6. The composition and fabrication method of organic SOG film 7 are 
similar to those of the above-described organic SOG film 3. Organic SOG 
film 7 corresponds to the second insulation film of the present invention. 

At the sixth step (refer to Fig. 6), boron ions are doped into organic 
SOG film 7 under the condition of an acceleration energy of 140KeV and 
dose of 2xl0 15 atoms/cm 2 ,whereby organic SOG film 7 is modified (referred 
to as modified SOG film 8 hereinafter), similar to modified SOG film 4. 
Ion implantation at such a condition allows the boron ions to arrive at the 
interface between organic SOG film 7 and modified SOG film 4. 

Since organic SOG film 7 is substantially uniform in film thickness 
over the entire face of the substrate, the entire organic SOG film 7 is 
modified substantially uniformly. 

At the seventh step (refer to Fig. 7), anisotropic etching is carried out 
with a resist pattern (not shown) as a mask, using a fluoro carbon type gas 
as the etching gas, whereby contact holes 9a, 9b communicating with metal 
interconnection 6 are formed in modified SOG film 8. Here, contact error 
will not occur even when a contact hole is formed deviated from the top face 
of metal interconnection 6, such as contact hole 9b, due to mask 
misalignment. 

In the case where there is a portion not modified in the film 
(particularly, the lower layer portion) due to insufficient ion implantation 
into organic SOG film 3 and a contact hole is formed in deviation in that 
non-modified portion, that non-modified portion may shrink during the 
oxygen plasma ashing process carried out to remove the photo resist used 
as an etching mask in the contact hole formation step. As a result, a 
recess will be generated in the hole. There is a possibility of contact error 
caused by insufficient embedding of the connection hole interconnection in 
the hole. 

If a non-modified portion of the organic SOG film is exposed in the 
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contact hole, H 2 0 and CH 3 will desorb from the organic SOG when Cu is to 
be formed by CVD in the contact hole. The source gas to form Cu will not 
be able to enter the contact hole sufficiently. There is a possibility that the 
Cu of an improper shape will be formed within the contact hole. 

In the present embodiment, the entire organic SOG film 3 is modified 
substantially uniformly as described above. Only a modified portion will 
be exposed if the contact hole is formed in deviation. 

At the eighth step (refer to Fig. 8), the interior of contact holes 9a 
and 9b are cleaned by sputter etching using inert gas (for example Ar). 
Then, a TiN film serving as an adhesion layer and a barrier layer is formed 
on modified SOG film 8 including contact holes 9a and 9b by magnetron 
sputtering or CVD. A Cu film is formed thereon by CVD or plating. Then, 
the surface of the Cu film is polished by CMP. Finally, a connection hole 
interconnection 10 formed of TiN and Cu is embedded in contact holes 9a 
and 9b. 

At the ninth step (refer to Fig. 9), the oxide film and the like at the 
surface of connection hole interconnection 10 are removed, as necessary by 
sputter etching using inert gas (for example Ar). 

Then, on modified SOG film 8 and connection hole interconnection 10, 
a modified SOG film 11 and an upper metal interconnection 12 (a multi 
layer of TiN and Cu) embedded in modified SOG film 11 and electrically 
connected with connection hole interconnection 10 are formed, similar to 
the previous first to fourth steps. 

Since boron ions are introduced to the interface between organic SOG 
film 3 and silicon oxide film 2 as described above in the ion implantation 
process, modified SOG film 4 is less easily peeled off from silicon oxide film 
2. 

Table 1 shows the verified results using a tensile tester of the 
adhesion intensity between an SOG film and a silicon oxide film for a test 
device having an SOG film (film thickness 600nm) formed on a silicon oxide 
film. Four types of SOG films were provided as shown in Table 1. Ten 
samples were provided for each type. The film peel off rate was 
determined by carrying out a tension test at the tensile force of 500Kg/cm 2 



to observe how many of the samples exhibited peel off. 



Table 1 



Condition 


Film Peel Off Rate 


Organic SOG film 


100% 


Low-pressure Oxygen Plasma Treatment 


100% 


Modified SOG film (Ar Ion Implantation) 


0% 


Modified SOG film (B Ion Implantation) 


0% 



The condition column in Table 1 corresponds to those used as an SOG 
film. The low-pressure oxygen plasma process implies that an organic 
SOG film is exposed to oxygen plasma. The modified SOG film is formed 
under the conditions identical to those of the present embodiment. It is 
appreciated that, by employing a modified SOG film as the SOG film, the 
adhesion with the underlying silicon oxide film is improved to prevent the 
film from peeling off. 

Fig. 10 shows the adherence intensity when boron (B + ) ions are 
implanted under different conditions to the SOG film in the test device 
similar to that of Table 1. The dose was set to a constant value of 
lxl0 15 atoms/cm 2 . The acceleration energy was varied to 20, 60, 100 and 
140KeV. The label "UNIMPLANTED" in the dr awing implies that the film 
is not subjected to ion implantation, i.e., an organic SOG film. 

Those not subjected to ion implantation have low adherence intensity 
between the SOG film and the silicon oxide film to be easily peeled off. 
Those subjected to ion implantation have a higher adherence intensity as 
the acceleration energy is increased. Particularly, an adherence intensity 
exceeding 700Kgf7cm 2 can be obtained when the acceleration energy is 
60KeV or above. This improvement in adhesion could be attributed to the 
arrival of the ions at the interface between the SOG film and the silicon 
oxide film to cause mixing and recombination of the elements at the 
interface. 

Modified SOG films 4, 8 and 11 hardly shrink during the oxygen 
plasma ashing process carried out to remove the photo resist used as the 
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etching mask. No recess will be generated in the formation of trench 5 and 
contact holes 9a and 9b. It is therefore possible to embed metal 
interconnection 6 and connection hole interconnection 10 sufficiently in 
trench 5 and contact holes 9a and 9b. 

The modified SOG film is also superior in oxygen plasma resistance. 
Fig. 1 1 shows, as an index of oxygen plasma resistance, change in the film 
thickness when the modified SOG film formed by implanting argon (Ar) 
ions into the organic SOG film is exposed to oxygen plasma for the 
evaluation of reduction in the film thickness of the modified SOG film. 
Ions were implanted under the condition of an acceleration energy of 
140KeV and dose of lxl0 15 atoms/cm 2 . 

When the organic SOG film was subjected to oxygen plasma (oxygen 
plasma process), the film thickness was reduced 16% than the initial film 
thickness of the organic SOG film (untreated). When the modified SOG 
film was subjected to oxygen plasma (oxygen plasma process after Ar ion 
implantation) there was almost no reduction in the film thickness compared 
to that of the initial modified SOG film (Ar ion implantation). However, 
the film thickness of the modified SOG film is reduced 25% in comparison to 
that of the organic SOG film. 

From the above results, it is appreciated that the modified SOG film 
is superior in oxygen plasma resistance. 

Fig. 12 shows the results of evaluation using the TDS method 
(Themal Desorption Spectroscopy) applying heat treatment for 30 minutes 
in an atmosphere of nitrogen to an organic SOG film (unimplanted) and a 
modified SOG film (Ar ion implantation). The ions were implanted under 
the conditions of an acceleration energy of 140KeV and a dose of 
lxl0 15 atoms/cm 2 . 

The chart represents the amount of desorption as to H 2 0 (m/e=18). 
It is appreciated from Fig. 12 that the modified SOG film exhibits little 
desorption as to H 2 0 (m/e=18). This means that the moisture and 
hydroxyl group included in the organic SOG film are reduced by implanting 
ions to the organic SOG film to obtain a modified SOG film 

Fig. 13 shows the evaluation result of the moisture in the films of an 
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organic SOG film (untreated), an organic SOG film subjected to oxygen 
plasma (oxygen plasma process), and a modified SOG film (Ar ion 
implantation) left in the atmosphere of a clean room to observe the 
hygroscopicity of an organic SOG film and a modified SOG film. The 
5 amount of moisture in each film was indicated by the integrated intensity of 
the O-H group in the infrared absorption spectrum (in the vicinity of 
3500cm" 1 ) using the FT-IR method (Fourier Transform Infrared 
Spectroscopy). Ion implantation was carried out under the condition of an 
acceleration energy of 140KeV and a dose of lxl0 15 atoms/cm 2 . 
10 It is appreciated that the moisture increases, not only before and 

after the treatment, but even after one day for the organic SOG film 
exposed to oxygen plasma. In contrast, the modified SOG film shows no 
increase in moisture after the ion implantation. Furthermore, the increase 
in moisture is smaller than that of the organic SOG film even when left in 
'4 15 the atmosphere of a clean room. This means that the modified SOG film is 
r ~ less hygroscopic than the organic SOG film. 

Q Fig. 14 shows the results of a pressure cooker test (PCT) carried out 

^ for the purpose of evaluating the moisture permeability of a modified SOG 

ffj 

.fj film and an organic SOG film. This PCT is a humidification test carried 

%B 20 out in a saturated moisture atmosphere at 2 atmospheric pressure and 
120°C in the present embodiment. The integrated intensity of the 
absorption peak (in the vicinity of 3500cm" 1 ) of the O-H group in the organic 
SOG film was obtained and plotted over the PCT time by means of the FT- 
IR method. 

25 A specimen (Ar ion implantation: 20KeV) having only the surface 

modified by ion implantation was prepared and compared with a specimen 
having the film entirely modified (Ar ion implantation: 140KeV) and with a 
specimen that was not modified (organic SOG film: untreated). The 
following features were identified. 
30 i) When an organic SOG film not modified is subjected to the 

PCT, the absorption intensity in the vicinity of 3500cm" 1 (absorption 
associated with O-H group) exhibited a drastic increase. 

ii) With a modified SOG film, increase in the absorption intensity 
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in the vicinity of 3500cm" 1 (absorption associated with O-H group) is small. 
The increase in the specimen in which only the film surface is modified is 
substantially equal to that of the film that is thoroughly modified. 

It is understood from the above results that a layer that suppresses 
moisture permeability can be formed by implanting ions. 

Organic SOG films 3 and 7 are converted into modified SOG films 4 
and 8, respectively, by introducing impurities by ion implantation into the 
organic SOG film, whereby moisture and hydroxyl group included in the 
film are reduced and exhibits less hygroscopicity. Also, the adhesion with 
silicon oxide film 2 adjacent to modified SOG film 4 is improved. An 
interlayer insulation film of high reliability can be obtained. 

Second Embodiment 

A method of fabricating a semiconductor device according to a second 
embodiment of the present invention will be described hereinafter with 
reference to Figs. 15-20. The first to sixth steps (Figs. 1-6) of the first 
embodiment are similarly employed in the second embodiment. Therefore, 
description thereof will not be repeated. Fabrication steps thereafter will 
be described. Components corresponding to those of the first embodiment 
have the same reference characters allotted, and detailed description 
thereof will not be repeated. 

At the tenth step (refer to Fig. 15), a mask pattern 13 (silicon nitride 
film mask 13) formed of a silicon nitride film is provided on modified SOG 
film 8. Silicon nitride film mask 13 corresponds to the first mask pattern 
of the present invention. 

At the eleventh step (refer to Fig. 16), an organic SOG film 14 of 
600nm in thickness is formed on modified SOG film 8 and silicon nitride 
film mask 13. The composition and fabrication method of organic SOG 
film 14 are similar to those of organic SOG film 3 already descxibed. 
Organic SOG film 14 corresponds to the third insulation film of the present 
invention. 

At the twelfth step (refer to Fig. 17) ions are implanted into organic 
SOG film 14 to form a modified SOG film 15. The composition and 
fabrication method of modified SOG film 15 are similar to those of the 



- 15 - 



previously-described modified SOG film 4. Since organic SOG film 14 has 
substantially a uniform thickness over the entire face of the substrate, the 
entire organic SOG film 14 is modified substantially uniformly. 

At the thirteenth step (refer to Fig. 18), a striped resist pattern 16 is 
5 formed on modified SOG film 15. The opening of resist pattern 16 includes 
the opening of silicon nitride film mask 13. The area of resist pattern 16 is 
larger than that of silicon nitride film mask 13. Resist pattern 16 
corresponds to the second mask pattern of the present invention. 

At the fourteenth step (refer to Fig. 19), anisotropic etching is carried 

10 out with resist pattern 16 as a mask using fluoro carbon gas as etching gas, 
whereby modified SOG films 15 and 8 are etched. Here, modified SOG 
film 15 is etched with an opening width identical to that of resist pattern 16 
The etching process of modified SOG film 15 is stopped when arriving at 
silicon nitride film mask 13, whereby trenches 17a and 17b are formed in 

15 modified SOG film 15. Then, using silicon nitride film mask 13 as a mask, 
modified SOG film 8 is etched with an opening diameter identical to that of 
the mask. Contact holes 17c and 17d are formed communicating with 
metal interconnection 6 in modified SOG film 8. 

By using silicon nitride film mask 13 as an etching stopper, trenches 

20 17a and 17b and contact holes 17c and 17d can be f ormec^ ^naetching _ 
process. Even when the position of the formed contact hole is deviated 
from the top face of metal interconnection 6 such as contact hole 17d due to 
mask misalignment so that modified SOG film 4 is exposed, contact error 
will not occur due to reasons similar to those for contact hole 9b. 

25 At the fifteenth step (refer to Fig. 20), the interior of trenches 17a 

and 17b and contact holes 17c and 17d are cleaned by means of sputter 
etching using inert gas (for example, Ar). Then, a UN film as an adhesion 
layer and a barrier layer is formed by magnetron sputtering or CVD on 
modified SOG film 15 including trenches 17a and 17b and contact holes 17c 

30 and 17d. A Cu film is formed thereon by CVD or plating. The surface of 
the Cu film is polished by CMP. Eventually, an interconnection 18 formed 
of TiN and Cu is embedded in trenches 17a and 17b and contact holes 17c 
and 17d. 
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Third Embodiment 

A method of fabricating a semiconductor device according to a third 
embodiment of the present invention will be described hereinafter with 
reference to Figs. 21-26. The first to sixth steps (Figs. 1-6) of the first 
embodiment are employed in the present third embodiment. Description 
thereof will not be repeated and fabrication steps thereafter will be 
described. Components corresponding to those of the first and second 
embodiments have the same reference characters allotted, and detailed 
description thereof will not be repeated. 

At the twentieth step (refer to Fig. 21), a resist pattern 20 is formed 
on modified SOG film 8 (film thickness is set to 1200nm). The opening of 
resist pattern 20 includes the opening (metal interconnection 6) of trench 5. 
The area thereof is larger than that of trench 5. 

At the twenty-first step (refer to Fig. 22), anisotropic etching is 
carried out with resist pattern 20 as a mask using fluoro carbon type gas as 
the etching gas. Modified SOG film 8 is etched to the thickness of 600nm, 
whereby trenches 8a and 8b are formed in modified SOG film 8. 

At the twenty-second step (refer to Fig. 23), resist pattern 20 is 
removed, and then a resist pattern 21 is formed on modified SOG film 8. 
Opening 21a of resist pattern 21 is located within trenches 8a and 8b. 

At the twenty-third step (refer to Fig. 24), anisotropic etching with 
resist pattern 21 as a mask is carried out using fluoro carbon type gas as 
the etching gas, whereby modified SOG film 8 is etched. 

At the twenty -fourth step (refer to Fig. 25), trenches 8a and 8b and 
contact holes 22a and 22b communicating with metal interconnection 6 are 
formed in modified SOG film 8 by removing resist pattern 21. Even if a 
contact hole is formed deviated in position caused by mask misalignment in 
the formation of resist pattern 22 so that modified SOG film 4 is exposed, 
no contact error will occur by reasons similar to those for contact hole 9b. 

At the twenty-fifth step (refer to Fig. 26), the interior of trenches 8a 
and 8b and contact holes 22a and 22b are cleaned by means of sputter 
etching using an inert gas (for example Ar). Then, a TiN film as an 
adhesion layer and a barrier layer is formed by magnetron sputtering or 
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CVD on modified SOG film 8 including trenches 8a and 8b and contact 
holes 22a and 22b. A Cu film is formed thereon by CVD or plating. The 
surface of the Cu film is polished by CMP. Eventually, a connection hole 
interconnection 18 formed of TiN and Cu is embedded in contact holes 22a 
and 22b. \ 
Fourth Embodiment 

A method of fabricating a semiconductor device according to a fourth 
embodiment of the present invention will be described hereinafter with 
reference to Figs. 27-33. The first to sixth steps (Figs. 1-6) of the first 
embodiment are employed in the fourth embodiment. Therefore, 
description thereof will not be repeated. The fabrication steps thereafter 
will be described. Components corresponding to those of the second 
embodiment have the same reference characters allotted, and detailed 
description thereof will not be repeated. 

At the thirtieth step (refer to Fig. 27), a resist pattern 30 is formed on 
modified SOG film 8. 

At the thirty-first step (refer to Fig. 28), anisotropic etching is carried 
out with resist pattern 30 as a mask, using fluoro carbon type gas as the 
etching gas. As a result, contact holes 31a and 31b communicating with 
metal interconnection 6 are formed in modified SOG film 8. 

At the thirty-second step (refer to Fig. 29), resist pattern 30 is 
removed. Then, a resist film 32 is applied on modified SOG film 8 
including contact holes 31a and 31b. 

At the thirty-third step (refer to Fig. 30), resist film 32 is patterned 
excluding the area where contact holes 31a and 31b are formed using the 
general exposure technique to form a resist pattern 33 on modified SOG 
film 8. Openings 33a and 33b of resist pattern 33 include contact holes 
31a and 31b. The area thereof is greater than that of contact holes 31a 
and 31b. 

At the thirty-fourth step (refer to Fig. 31), anisotropic etching is 
carried out with resist pattern 33 and resist film 32 remaining in contact 
holes 31a and 31b as a mask, using fluoro carbon type gas as the etching 
gas. Modified SOG film 8 is etched to 1/2 the film thickness. Thus, 
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trenches 8a and 8b are formed in modified SOG film 8. 

At the thirty-fifth step (refer to Fig. 32), trenches 8a and 8b and 
contact holes 31a and 31b communicating with metal interconnection 6 are 
formed in modified SOG film 8 by removing resist pattern 33 and resist film 
5 32. Here, even if the position of a formed contact hole is deviated from the 
top face of metal interconnection 6 such as contact hole 31b to expose 
modified SOG film 4 due to misalignment in the formation of resist pattern 
30, no contact error will occur due to reasons similar to those for contact 
hole 9b. 

10 At the thirty-sixth step (refer to Fig. 33), the interior of trenches 8a 

and 8b and contact holes 31a and 31b are cleaned by means of sputter 
etching using inert gas (for example Ar). Then, a TiN film is formed as an 
adhesion layer and a barrier layer by sputtering or CVD. Then, a Cu film 
is formed by CVD or plating thereon. The surface of the Cu film is 

15 polished by CMP. Finally, a connection hole interconnection 18 formed of 
TiN and Cu is embedded in trenches 8a and 8b and contact holes 31a and 
31b. 

Fifth Embodiment 

Following the steps shown in Figs. 1-6 and the steps shown in Figs. 
20 15 and 16, the steps shown in Figs. 34-39 are carried out in the fifth 
embodiment. Components corresponding to those of the previous 
embodiments have the same reference characters allotted, and description 
thereof will not be repeated. 

At the thirty-seventh step (refer to Fig. 34), a silicon nitride film 40 is 
25 deposited all over organic SOG film 14. 

At the thirty-eighth step (refer to Fig. 35), impurities are introduced 
into organic SOG film 14 by carrying out ion implantation from above 
silicon nitride film 40 to form a modified SOG film 15. Since organic SOG 
film 14 has substantially a uniform thickness all over the face of the 
30 substrate, the entire organic SOG film 14 is modified substantially 
uniformly. 

At the thirty-ninth step (refer to Fig. 36), a striped resist pattern 16 
is formed on silicon nitride film 40. The opening of resist pattern 16 is 
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located upper than the opening of silicon nitride film mask 13. The area 
thereof is greater than that of silicon nitride film mask 13. 

At the fortieth step (refer to Fig. 37), silicon nitride film 40 is 
patterned using resist pattern 16 as a mask. 

At the forty-first step (refer to Fig. 38), resist pattern 16 is removed. 
Then, modified SOG film 15 and modified SOG film 8 are etched with the 
patterned silicon nitride film 40 as a mask. By this etching process, 
trenches 17a and 17b are formed in modified SOG film 15. Contact holes 
17c and 17d communicating with metal interconnection 6 are formed in 
modified SOG film 8. 

At the forty-second step (refer to Fig. 39), a TiN film is formed as an 
adhesion layer and a barrier layer by magnetron sputtering or CVD on 
silicon nitride film 40 including trenches 17a and 17b and contact holes 17c 
and 17d. A Cu film is formed thereon by CVD or plating. The surface of 
the Cu film is polished by CMP. Eventually, an interconnection 18 formed 
of TiN and Cu is embedded in trenches 17a and 17b and contact holes 17c 
and 17d. 

The present invention is not limited to the above- described 
embodiments. Similar advantages can be achieved by implementation as 
set forth in the following. 

(1) A fluoro carbon film, polyimide, or polyimide composed with 
siloxane can be used instead of the organic SOG film. 

(2) The interconnection can be formed of aluminum, gold, silver, 
silicide, refractory metal, doped polysilicon, titanium nitride (TiN), titanium 
tungsten (TiW) or a layered structure thereof , instead of the Cu material. 

(3) The TiN serving as an adhesion layer and a barrier layer can 
be formed of a layered structure of Ti, TaN, Ta, and the like. Alternatively, 
Ti, TaN, Ta can be used instead of TiN. 

(4) The modified SOG film is subjected to a heat treatment. In 
this case, the hygroscopicity is further reduced since there are fewer 
dangling bonds in the modified SOG film. The moisture permeability is 
also reduced. 

(5) The composition of the organic SOG film can be substituted 
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with that of the inorganic SOG film represented by the aforementioned 
general formula (1), and implant ions into that inorganic SOG film. In this 
case, the moisture and hydroxy! group included in the inorganic SOG film 
can be reduced. 

5 (6) Although boron ions are employed as the impurities to be 

implanted into the organic SOG film in the above embodiments, any ion 
may be used as long as the organic SOG film is eventually modified. 
Specifically, argon ions, boron ions, nitrogen ions and the like that have a 
relatively small mass are suitable. Particularly, boron ions are most 
10 suitable. Sufficient effect can be expected from other ions enumerated in 
the following. 

Uj Inert gas ions (such as helium ion, neon ion, krypton ion, xenon ion 

;2 and radon ion) can be used. Since inert gas does not react with the organic 

py SOG film, there is no probability of adverse influence by ion implantation. 

15 Element unitary ions in each group of III b, IV b, V b, VI b and VII b, 

and compound ions thereof can also be used. Particularly, the element 
unitary ions and compound ions of oxygen, aluminum, sulfur, chlorine, 
gallium, germanium, arsenic, selenium, bromine, antimony, iodine, indium, 
tin, tellurium, lead, and bismuth can be used. Particularly, metal element 
20 ions can suppress the dielectric constant of the organic SOG film subjected 
to ion implantation. 

Also, element unitary ions of the groups IVa, Va and compound ions 
thereof can be used. Particularly, element unitary ions of titanium, 
vanadium, niobium, hafnium, and tantalum, and compound ions thereof 
25 can be used. Since the dielectric constant of oxides of the elements of the 
groups IVa and Va is high, the dielectric constant of the organic SOG film 
subjected to ion implantation will increase. However, this is of no 
particular problem in practice except for the case where an interlay er 
insulation film of a low dielectric constant is required. 
30 A plurality of the types of the above-desciibed ions can be used in 

combination. In this case, a further superior effect can be obtained by the 
synergism of each ion. 

(7) In the above-desciibed embodiments, ions are implanted into 
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the organic SOG films. The present invention is not limited to ions, and 
atoms, molecules, or particles can be introduced. (In the present invention, 
they are generically referred to as "impurities"). 

(8) Sputtering is not limited to magnetron sputtering. Diode 
sputtering, radio frequency sputtering, tetrode sputtering and the like can 
be employed. 

(9) The sputter etching method can be carried out without using 
inert gas. For example, reactive ion beam etching (RIBE: also called 
reactive ion milling) using reactive gas (for example, CC£ 4 , SF 6 ) can be used. 

(10) As an alternative to the single crystal silicon substrate 
(semiconductor substrate), a conductive substrate or an insulative substrate 
such as glass can be used. Although the above-described embodiments 
show the case where an interconnection is formed on a single crystal silicon 
substrate, the present invention is also applicable to a device such as a LCD 
that has the interconnection formed on an insulative substrate. It is 
understood that the concept of "semiconductor device" of the present 
invention includes a device having an interconnection formed on an 
insulative substrate. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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